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(54) MAGNETO-RESISTANCE EFFECT ELEMENT, ITS PRODUCTION, MAGNETO- 
RESISTANCE EFFECT HEAD, AND MAGNETIC RECORDING AND REPRODUCING 
DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a magneto- 
resistance effect element, which obtains a higher 
reproducing output than conventional, in a satisfactory 
yield. 

SOLUTION: A first magnetic layer 1 provided on a 
substrate, a nonmagnetic layer 3 brought into contact 
with the first magnetic layer 1 , and a second magnetic 
layer 2 brought into contact with the nonmagnetic layer 3 <b) 
are provided, and a sense current flowing between first 
and second magnetic layers is changed in accordance 
with the change of the resistance value which is changed 
in accordance with an external magnetic field. In this 
magnet-resistance effect element, both or at least one of 
the distance of the sense current flowing in the first 

magnetic layer 1 and that of the sense current flowing in the second magnetic layer 2 is 
longer than that of the sense current flowing in the part where the first magnetic layer 1 , 
nonmagnetic layer 3, and the second magnetic layer 2 are laminated. 
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[#§fW#©tSB] 

fccx&<ti,tzt&tnm<o&<tizftiT. utriESgiij.ktf 

*5tt<5. lWEfgl«t±JlWM&£ME$6 2fi&t3:Jl<E>®« 
*£0>E«43 itfiurE^ 2 fi&f4»wM*i&© WStDfan J; 0 

[«#*3] a*±ic^tte.nfcif*«i */t«w* 

me* 1 m&m tcis 0 ft e nfcm 1 ©ma t . 
strfam 2 &t4@ tc * 0 ft »* ■=> n^m 2 t . 

43lt-5fi8fb(0^r|6]*@^S-&^^ t £ t 

[«*E4] x-^&teST^fea6©SS©h^v^ 

£*r-r*«Bfys&8tf*<h, 

CI ©S8SIE® tttft ± lc 5 s - * £ E« £ * £ fc * ©68^15 

H*WI3«^llBS«tf*fw*tt*Bfa© ^7?^ 
#»> S *4 7 * jl X- * t A fc C <h t 
-r*«aE»S£8H. 

[M**5] M*9l4K:£lr>T. ffiE«mE»S£g 
■fit. A-Hx-fX** h'7< ^Tfe-SCtSr^mi-r 

[0 0 0 1 ] 

ft ^ £ tt*a 5 ^ «e> roffismsin^^s j; Kit 

[0 0 0 2] 

[tE&O&ffi] ft*. A-FT-f7* • F^f" 7©fi* 
tiWtLT. BSJ&ffi (KT, MR:Magneto Resistive 
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mrnxmummfr e> £tt*iMa* ztnfit>a^x 

[0 0 0 3] MRt>i^lt «*UtO*?K:J:-3T«» 

•o €»IUT^ffr5i^5S*ttfiSMStn: (AMR) 5h%k\Z 

OI¥L,^Ui^«. D. A. hA^V> (Thompson) 
ISX (" Memory, Storage, and Related Applications" I 
EEE Trans, on Mag. MAG-11, p. 1039(1975)) ICil^anT 

[0 0 0 4] AMRS&^SrJBUfcfiBE^-y h'-Cl*. A';W 

eMn. NIMn, -v T)VmtW£ £©E3l*tt*m 
[0 0 0 5] 2 ^ICgifiKSoTte, «JUeBfH-fc>+rCD 

xe>fe#t4eM. *=fccx. ^-nicftfii-r^s^fflT© 
7.t;>f&??t4»sa J (c!is$n^> £ommummtg.tfi&}& 

$mT-e#Ti5 0, AMR^m^*Uffl-r-5-tr>-y-r^!S 
an^ckDfc, »tt*fk*«*#t>. - 

fk*i6j»«««^stctt0iibT^fk-r^. 

[0 0 0 6] -^r. !KfBB¥2 -6 1 5 7 2#4i«lCtt. 
«t4ai^©mftcr>S¥fTS3fJ (C «fc o D «AV)M R £ 
ffc£fc;t6T*iJfaBte#iia*E«3nTi>-5. 
TfS6fflBl*g^«^<i:bT. ±E£^fcte&H8tetf)jI:f£& 

^ a -a- a € £ft »n u jgfe «t t^«f b w ^ a -a- 

[0 0 0 7] ^att^/#«t4B/!S«ftH^S*^fi!c 

o. WLmizwfriz&mnffi.&ffi-rm&iz-D^Tte. &m 
f4- 3 5 8 3 1 on^wzm^nx^^. 

[0 0 0 8] &JBttH/#)KttJi/3a«ttH£S*#!fi)c 
50 J©-&»cc>l^TH, 0<J^«XS)5 (IEEE TRANSACTIONS ON M 
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AGNETICS. VOL. 33. NO. 5. SEPTEMBER 1997. 3505-3510) \Z 
M^SftTU-5. 

[ooo9] @i8n &&<Dmiii,&m%>&m?<Dm& 
e>3^ft*&9&fc»£7rf. mm (a) iz^-r^oiz. 

«110 3^, Sl8ttil0 1i^2ittllO 

2 t-c&/vtzmm&LT^2>. $.rz. mm (t>> ic^-r 

£o\Z. ^lffittil 0 1, $2itt§l 0 2*5cfctf# 
MUM 1 0 3 coJgffitt. ABS (Air bearing surfac 
e) Setter. 

[0 0 1 0] 01 9tt. mi 8\Z%Z>mfcL&tn&>Mm? io 
SrH^^-v r-'tCjifflLfc^^^-T. mm (a) fC^TJ: 

t51 1 0 5 tlti-l 0 1 a 
103t7U-1102 a££>&&<&flKASftX?M:. 

iio6ffl±cn iaio8a, losba^tt^ft 

Tl^£. (b) K^-fJ:3£. 1 0 1 

a. yV-m 1 0 2 ai3j;U;#ai4Jl 1 0 3C03g[gtt, 
ABSit45. 
[0 0 11] 

[SSWTWfc&Lcfco t-r*K«] CCOJ; 20 

(a) . (b) A»6t>9l6MJ:^i:. S£*SIjHc43<^ 
Ttt. «m«tt$JM^F*±ffi*>SI«;«i><&<t:. 7'J-B 
1 0 2 afflS««)I«i@fIl 0 1 aCO««coB«£ 

[0012] croisttBjuatts^-ctt, -t>xess 

SrMSlCTk^FtCgitLfciS^ (CIP:current in the plan 
e) . 7'J-ll 0 2 a*5«fctfSS£Ja 1 0 1a©5%ffl 
JtTJCOjgT. 3 ft S&lttl;:, ffl 30 

ttomizm^-amft lti/*k 
&a*»s«*<z>BjM&ift&ft; «fc o t>a*& o fcjgst 

[0 0 13] -73. -fc>X«««*BlC*T*-f 
^Sin^^^^F- (CPP:current perpendicular to the p 
lane) Ttt, 1 0 2 a*«tatlti 1 0 1 a® 

aft*«)T**a*#*«K:iB^>att*ft*aj«r* - 

£j&*Tff*. 

[0 0 14] L^b. SBCBtAyKtt/Tifflt* "0 
C<!: 7 U -B 1 0 2 a OlUP«qtlr>B£. 

MjyAtwtrKs^. a^jii o i a \zmmr 

JBttM 1 0 3 £ttK»fflJfC88BSnT^«>BdSSir-6w 
1 0 5d>&H«Ml 0 1 a »CSJJjn£ft*3a&iB^e#CO 
M*«»*U i^Il 0 1 a©«ftW*5ttt*«|fiJ±-r 

S^tC, 7'J-@lO2a^BtllOla0 
MJ*«t*fr>S£. Cft6 2JilHlO»«*y^U >^*<« 

#>a<^B(C&-&. 50 
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[0 0 15] Lfc««oT, C P PtC*3HTttCfte.©S 
*(dck0, 7'J-Jf 1 0 2 ai5«fctf@5£® 1 0 1 a COM 

COt&D, fi£5fe*8iiTttC I P. CPP<ht>K. 
1102 ai3cfctf@^Jf ioi a©W©/\*> Kflljgj^ 
€> TiBa 3 ft 5 =fc 0 tt, 0 /h a ft &6x£ft b fttfe <=> ft 

[0016] *»^tt. ccoct^/i^s^^ft-r-sfc* 

CO&COT&9, ft3fc±9fci§S^!i|£tH;0-£#5c:<ha*T 

o±<sajg-rsct^T^-5ffims*iSi 

m5g^43«fctf^coKjg75*£. «m«fixSim's^ Ki&tfK 
[0017] 

Z>1teb\Z. *¥ZW\z&Z>m%.1&tri%)m:m?lZ. &WL±iz 

mizntz&imitmt, zL<Dmim^.mtmvxwL» 

gtitizttiT. ±temii3«t^m2att^coK*sitft^ 
±.>xnmism<t-rz>m§s.is.tfi®%:m?iz$>^T. ±m 

m 1 fiBttH S-SSftS-t >X«S5coiE@i*3 <fctf±fEMS 2 a 
ttJl£ffift-5-tr>xmdiJcoiEfgcoffi75, £7£tt. 4>&< 
<t fcfaft^-Tjtt. ±i3*l«lttJB£-hia#«ttJS'i:± 

£*®£il[5£T575fari>&^*fc#!®(C*5tt3, -hie^ 

i e<4B»®«£±Em 2 mitmom&tw ntf. 

-tgBSfl 2 JKtt^coM«coS«co<5jft c t 0 t>/h£ < TfeJ: 
[0 0 18] -75. #f|ifltC«£efUgiri2iS'\-;/ h* 

tt. *S±ici9:tte,ftfciS*^i $fctttt*J®2ici5«g 
<0®Jiv«£i2&3liSt^<*:, ±IBSglfi8ttJlKl&0tttt'=>ft 

/tsgicomffit, ±iem2m«stc5jo^t-te.ftfc^2 
©mat, ±ismuKtt®ic«bTiat7e>ft^oj:ie^ 
ish* m \z * it s mit co 7j 16] * a se $ -a- s m t £ m z. iz 

fcCOT&S. 

[0 0 19] -75. *l8K»C«^K«JgSi^^®tt, 
<t-9 *l2&-rSfc«6comSco h 5 y Z -saSttB 
CC0S^fESI«ft±l'5 ; -^SrfSita-ti--5fe 
#cofi8SiiBS'\-;/ Kt. -t.Kficommatit^'Ny H i, 
±IBfi8miBS's-y KJ3J:^±IBjS8tCStfi3Sm^-y K*«» 

K*±fBS8^IB&!8Etf(C*DltsmMC0 h^-y^^ 
«Hd S it- 5 7 ? ^ X - ^ ^ & £ £ fit * It *> CO T * . 

±IB«»IBSS*feSgtt. A- K^-r 7.2 • h'7 
-f7't*oTfeJ;K 
[0 0 2 0] 

[fBHjcosiascojBMgs] x.\z. *mn<n-mmv>Mm\z-D^ 
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[0021] [mi<Dnmv>M®i ant *sg^©sg 

l©fgJ6©JB&Ti&£. S^tin^^f Sr^-TWEE 
|5J0 (a) iZ7p-r£v\z. &im 
ttM 1 :fc«fctffiS2»f4J12©^ttte£ ; folCg;$15T& 

o. *<D-&\*mm (b) ©.koicfifto-a-oT^-s. 
2 i<Dmmmv>mti o &itc&ft\z\,*frQmm 3 

-T-5. *#tigTte. mifiatt@l*5=t^2lKi4g2* 
flftn£«f ©KBI^i: fcfcfg 1 43«fctfliS 2 fiBttJia<S& 

\tm 1 JBftJf 1 *Jiiif-55^»C-7^ )V9-%i2k\Z2i-3 
TXtfXHISJ-U #fiBteB3£iIoT!iS2«*teJI2l;: 

ic&o. m lmi&m i ©sub^r^ *jtnsf§ 2 181*112 

[0 0 2 2] SB lKfiiJl ltt, ttftjgttaa's 

fn^*^y F©:7iJ-BK*tJ&-r£. 

[0023] <t*. z.z.-pizMTtfifcizAM-rzm&m 
tts lt*^ Xsrr sea^® £sn 2 ssttii * 

[0 0 2 4] -hiEW.fcStefltriclC^T, SSSlfiBttJfS: 

ansif ©ot#+#fcg^i§£, m2«stt^tcmf 

[0 0 2 5] Ltd^T, Sgl:fcJ;tf|g2fi&t4lf £il>a 

[0026] hkwstkh xt^msas* 

oTL^SEBt (SDL:Spin Diffusion Length ) t^o 

©»»c xe>**jjt*tonTiy*5. ifcAbt, m 

=? tfitH 1 GBttJl©.^* «fc tfSS 2 liBttJf C9#.£i§i&-t-2>g 
Stt, SDL4tt«LTt»l:fit> (M£L<li3teJ^ 50 
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±) :i*^T*5. SMrmtf. SDL#ftHS£ 
W£fir»i£Jf!-r*fc«>k:tt. SDLtf-HHcg^BI*^ 
[0 0 2 7] acic. *»9!o-t©teo*M©»»icon 

[0 0 2 8] [£2 ©&£©»£] B2lt 

2 mm.&tn^mm^-^7nrmmm 

«0>#lJ«T»*a«, miSttJll£<t^jR2BttJ|2lC 

3 #*iSTtt. mi mam 

i &*im 2 miim&mte-?T^z>m&*:mnzmm& 

[0 0 2 9] Sfc. JfcSawtfcSHjfc. Sfctt. Mfftf 
m»*»*©S*fcJ:D, 3 <D«^CJ£Stj&tS(S 1 *5 

aStfciiftWBMUiCtttft^. L*»U #«f4 

e 3 ©«a«tt*»/jN* a^ a<#«ttB 3 

<sitnTL*-5. 3 izmti&/vf~n : ?- it. mi 

l^Ttt. #J8ttB3CJt««t©S^«i|Bf*a^. 2-3 
©«ttBa*aft9^oT^&(^#©#rattJ13©IBIJP 

[0 0 3 0] [S3, 4 ©£&©»£] 0311 *%91 

©m3©njs©»iiT«.s. Ba&tt3»**?*iK-r0r 

2mttB2*i#ft-r«.gB»tr«, a«-r^T#ai*js 3 
0 4ii *ft93©*4©£a©a&T& 

*. «a«tt3a** : f-**-r»fiiiH*«fc« J PiBHT* 
*. HH (a) Kjft"TJ:"3lC. Sg HE&14J1 1 

[0 0 3 1 ] 03. 4te^-r*lfc. 0 1*5cktf0 2©i§ 

£©«fimw&»«*s-r. ctt&©aarctt. a§i«Ht 

ffi««t»3 fcS</<totl>5. 03, 4JCtt^UTtr»^:t> 
JBl«tt»l©5%»2Bttli2i:att0^oT^ 

tK. JB2«ttB2©3%JBl«ttJil tattO^-aTV* 

[0032] [as 5 ©iys©fg&] 0 5 «. *fE^©si 
fc,tu:?i@T*5. ins (a) jc^-rctptc. ame 

ttJIl. #SttJI3. SB2«ttH2*«St>»;att&-rK: 
»^nTl>4. 3tc«aiC«^T(2. «Ti9>lllBttl 
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[0 0 3 3] [SIS 6. 7<»&m(D&m] @6lt 

mmtsjLZfiw-mm-v&z. 0711 &&w<?>&7 oymm 

[0 0 3 4] Ctl5.S6^<fcyt0 7 (C^-T^igfi. 01 

1 5 CD«^-»ti:eix^[t;^Olli]±$^-C$^:^« 
fc*fb. CCDJ^ft^CDxJ* 'J 

[0 0 3 5] JfctC, HI, @5, 0 7JC^L-itJ»^;Stn: 

[0036] [m8<D^mcomm @s«, ^m<^m 

P-XtZtlfzW^ 7X16 *sJ:tfiig»JI 7 *i|B@$ 
nt^4. 7U-12 a«EfC*3^T£^lC»f"JSnfe 
*ftAW 7X16 ro^K/^-MfcSnTBEBStlT^ 
-5. £6K:7U-|f2 a JbgBcD-g&fcfite # 

tCH^jll a<Z>-g&#2tM814»3 tm^-5«t5(Cffig$ 
ntl>S. Itll a±^Kti£&®t£lf (C«fcoTJ6M£ 

5. @£JI 1 a©#fiBttjf 3KftbT^&^<B!)©i$g&{;: 
(itl8a^MLT*D, 7IJ-I2 a OHMSBttJf 3 

b t ir > & v » m ©asa k 8 b f>mm b T t» « . 

[0 0 3 7] «^i£tC&l&4£bTjKb;fcgB#£ffm 
-5. IfHa^ll a£8Ma*BRK:@j£Jl 1 a KUSft* 

*i UTlltO^itti 3 *i?T7 'J -1 2 a'v 
fiSA-r-SCttC^t-S. 7U-12 aOMitteZWn^tf 
MM b^-f^ftf? Uc< 

Srili^MlCt 0 5 SWT, iK^2oroSffira©®tn;«7 
U-Jf 2 a©«{fc#ftK<fcoT*£<gftT£;r£K;& 
<£>. ^i"ni, HT-^raiEi© i a w>t> 7 >)— m 2 a ic, 

t* 3 artt«/w ?*x/f 6 m\zttffi.-t -a c t & b icasm 

fem 1 a^7'J-®2 attt&LT+ftiZ&mtf&KU 
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[0 0 3 8] CCTIiif*«lSIla^e,7U 
— m 2 a'vffin-S^^^^bfc^i. 7U-I1 aA»61 
5£lf 2 alZffitlZ><i:o\zLT : b%)%:tLT\tmZms§-T? 

yji t ± * * v -?m / ± -> - )v k @ t © nc mm £ n, 

TS-^SSt^y Ktl/Tffl^5CifeTt?i. 7U 
-12 aWTlCteTifclf . @5££-ti--5Jl5cZ>±tc«±gB 

10 [0 0 3 9] [|g 9 (DSIJgW^lg] H 9 *^l§»Sg 

lla, #&ttH3. *5«fctf7'J-H2 a£853£tff;:j£ 
fi£-f&. H£J1 1 a£D±SBKteKifjattBlC«fcoTJgJ5£ 
«<fc(D73ft£@?££l£3g5a<ffilf 2*1X1^ 
7U-I2 a©SW:ttiiA'-f 77sl6^Sttf5 

.fcsicffiB^nTn-s. cne,^H7xi6U7'j- 

12 a«SS^£^'>f«n;fcftSfc:^g£n&£<hfcfc 
•5. iSIl aCD5-&#itt!3 t&bXl^ft^Wcte 
20 il8a^«LTfcO, 7U-12a©Mfti3i 
&bX^&mWtCf;t«ffi8 b^»LTl>5. 
[0 0 4 0] CfttCkD. «^tt2t505«ffira*^(Cig 

ss4^a-3Tjija-r-&o 1 a.&mtiz>mz 

m-femi aom^i^tc^bTcsn^-r^xtr^^iS]* 

D»n6HCf. «S»ibXl!J#W^##rattlf 3£ii 
■3t7U-i2a'\S5At5I i !:l:)i5. 7U-12a 
roaE-fb«C<D®^jiiab^Tl»(6j#*^. b(C< l^fa 
tSt?. #^?5:[6)^Sr^W^i0o^W-C< 2 ~D 
30 ©W B lOgK(J7iJ-I2 aro^^rfiUctoT^^ 
<*{k-r-5>Ct(C^:^ 0 ff«lla^f,7U-l 

2ajc. -c22>iavmrt-iTxm&izftffiTz>z.iimv 
tc^ns ck o \z, 7 z.mottm^mm&mmizm 

it. B56J11 a^>7'J-I2 a ttfc^bT+^lcetix 
7&*&<&-5cfc3{;:bTi5ttfc£. ^SSro^e^ffiiA-Sct 

[0 0 4 1] r;TIJff^BSlla^e7iJ 
— ® 2 a^fiitn-5«-&S:^bfe^. 7'J-12a*^i 
Sll alCSitn-5«fc5JCbTfc^^tbT«t5^l?T 

lt±=t ! t77'i/±y-^ Hit»r B itci8M$n. -> 

la, jfSSi 3 . y '•} — m 2 a >7>TrC{STife». 7 ! J 
-S 2 a 3 i@)t$-e-setO±(C«±gBl 

[0 0 4 2] [» 1 0 (O&moBM] 11011 *f£W 
50 K@/£3i*5/il5/@j£JI 1 a/^fiSI4@3/7'J-^ 
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*50. mfez^zms/mum 1 aj;ot. #MSBttH3 

/7U-12 aliAB S B$l^ Ki5^T*l< 
ft-S«fc5KbT<&-&. H^$-ti--5^5CDfe^tC.«mS8 
a, 8 bfe.ktflK/'H' 7X6C0it5££i8e-f SfcaoOISI 
/PiigJ19 aiiitf 9 bj&V^-^snEHSnTH 
•S. 7'J-lf2 a»^S6(Cttmffi8 a#, ISilaffl 

m^«2oromsw*±^isss4*iioTiiia-r?). m 

«8a. 8 b43<fctf@5tlf 1 a±(Cte. ttM 7 fttrtjr 

-><k^ntEisn. $eic-5-ro±«)7U-B2 aw 

[0 0 4 3] 1WJ-12 afr<bm?Zm 1 ale. T 

€r * turn a* -r 7 x m 6 « k #srr -s c <t as b tc ssn -s 

«fc5K, *6ig:lf 7£^Bbfcit^£7Kb;t7!><. Wi-iT 

xmnw&^mm&mmzi,. isiia j ?>7U-i2 

a <h Jt «E b T+# Ic&tttfift < ft £ «fc 5 K b T*3 Wtf, 

[0 0 44] CCTtttW7U-12a^f.i 
Jg.m 1 a^n3«-&£*bfc#, ltila*>i7U 
-12 aK8&n-5«fc3(CbTfc^<hbTtta#|^T 

-B-<5II5C0TK:tt:Tiftlf 7'J-Jf 2 a ©±lcH±gBli£ 
[0 0 4 5] CCT, 08~il OfC^bfcS*^^ H 

<fc5K. S#2 0±Kte. @^bftl^T->-;UKB*3J: 

2 3*i^j5e^nrt^o ^-it. niM^iii 2 3 ic 

»fI8a, 8 b*^0#lte.nTt^. 
[0046] 01 2te. 01 1 COA-A' ^lC*3tt^>»r 

-;i^'/12 1 iT=fV7 7 , I2 2 ttfiaif 2*1. *-CD± 

mm2 3offiwiizizmmm&m2 4#jgf£;*n. m%& 

tii&)5km2 3&<ktABKBttfit2 4CQ±lctt. Ji^vy 
7'12 5ily-^H12 6<hfB^^^^y®2 7 £tf 

IBB ^nxt^-a. S±®fcraJia?BES«iS2 8 7j>i8:&7t> 
[0047] s^'N.y Hic*5ttss^igwi¥aa 

srtwi blA. 
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[0 0 4 8] 8#2 0 tbTtt. 

• 9-9 > ■ *-/Vf K) , Si C. 7;U = :K 7^5=-^ 

[0 0 4 9] T->-;H-*J12 1 tlTIl N i F e . N 
i FeCo, CoZr, JtlJCoFeB, CoZrM 
o, CoZrNb, CoZr. CoZrTa. CoH 
f, CoTa, CoTaHf, CoNbHf, CoZr 
Nb, CoHfPd. CoTaZrNb, CoZrMo 
10 N i FeAlSi. SfcfeSim. MnZn7i 

K NiZn^x^'fh. M g Z n 7 x K CDffi 

t& m co fsj n « t > -a . 

[0 0 5 0] m@ 8a. 8 b <h Hll, A u . Ag, C 
u. Mo. W. Y. Ti. Zr. Hf. V, Nb. P 

[0 0 5 1] _k->— )VV-m2 6 ibT(S. N i F e. N 
iFeCo, CoZr. SfcBCoFeB, CoZrM 
20 o, CoZrNb. CoZr. CoZrTa, CoH 
f. CoTa. CoTaHf. CoNbHf, CoZr 
Nb, CoHfPd. CoTaZrNb. CoZrMo 
N i F e A 1 S i . mt&mm. MnZn7i 

5^ K NiZn7i7-f h, M g Z n 7 x h COffi 

[0 0 5 2] «&liJl 7 t bT«. A 1 ftfcfe. S i S^fb 
7< i7 • (DLC: Diamond Like Carbon ) coffin 

^>^coffin*^ffl(/i-5. 

[0 0 5 3] Tft7^12 2iLTIi, A 1 Sffb^. 

: e>H • • *-^>coffinA^^ft^>m)i)^. ^ 



-5. 

[0 0 5 4] ±=£ -v ~fm 2 5 ibT«, A l i 

s i m<m. mtTfrs.-vi*. ^ft->'j3>. y-r-^ 

^E> K • 5-f ^7 • *-^>C0ffin*^^ft^¥^^, # 

->o i^*fc«cne.cojg^^i*^ft?>Kcoffin7!)^ffl^ 

•5. 

[0 0 5 5] W^77.m& <hbTt±, CoCrPt. 
CoCr, CoPt. CoCrTa, FeMn, NiM 
ii. N i mt™. N i CoKfk^l. F c^lt^. N i F 
eSS^tfJ, IrMn, PtMn. PtPdMn. ReM 
n, Co7x7-fh, Ba7i5-f ^©{sjn^A^ftS 

[0 0 5 6] BS&ft$$R 2 3 <h bTtt. UT<D<S~ 
50 ©CO^fiEcofcCOSrfflOi-SCt^T'^-S. 
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<D «ft/T«l/7>J-®/SlMRX/A>7l/ 

m/&mm 

© Sft/TflSl/St^ 1 MRX 

>a >xji /a g ym/rn 2 mrx>a >zm/7 y - 
<3> *^/Titeii/mia^$^^)^/mis^^/m 

1 MRI>y\>Xi/A'U 7i/S2MRX>A>Xi 
/7 'J ~i/S3 MRX>A>Xi/AU 7I/S4 M 
RX>/N>X@/m2H^^/^2H^$it^g/«IS 10 

S> 1»/Tti/B^i/S 1 MRX>A>Xi/A* 
U 2MRX>A>Xi/7 U -S/«8B 

© S^/Tffil/7U-1/I1MRX>A>XI/ 
A'U7I/I2MRX > A >X S/H«S/«HIS 

[0 0 5 7] T«6BttTH &{fc4£j, 

Sfr*IR*JB^<5. ftttfcHCte, Ta, Hf, Zr, 

W, Cr, Ti, Mo, P t , N i , Ir, Cu, A 

g, Co, Zn, Ru, Rh, Re, Au, Os, P 20 

d, Nb, vw»cn6©»»©«ffcii**iiii8ft 

«, ^IKffll^o *^IWc«Sfll7C*iL-t\ Ta, 
Hf, Zr, W, Cr, Ti, Mo, Pt, Ni, I 
r, Cu, Ag, Co, Zn, Ru, Rh, Re, A 
u, Os, Pd, Nb, VSffl^SJltfcTf*. $6 

[0 0 5 8] 7U-itim NiFe, Co 

Fe, NiFeCo, FeCo, CoFeB, CoZr 
Mo, CoZrNb, CoZr, CoZrTa, CoH 30 
f, CoTa, CoTaHf, CoNbHf, CoZr 
Nb, CoHfPd, CoTaZrNb, CoZrMo 
Ni^&, S&tt, 7^77XSttW6ft^l* 

[0 0 5 9] ^SftltlTH T i , V, C 

r, Co, Cu, Zn, Y, Zr, Nb, Mo, Tc, 
Ru, Rh, Pd, Ag, Hf, Ta,W, Re, O 
s, Ir, Pt, Au, Si, Al, Ti, Ta, P 

t, Ni, co. Re, vcoiim*, &mwk. m-svo. S 

fdiCtietTi, V, Cr, Co, Cu, Zn, Y, 40 
Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, H 
f, Ta, W, Re, Os, Ir, Pt, Au, Si, 
Al, Ti, Ta, Pt, Ni, Co, Re, VCD* 

[0 0 6 0] Sgl*5<J;tfSfl2MRX>A>X;*> 
hJl^LTte, Co, NiFeCo, FeCo, CoF 
eB, CoZrMo, CoZrNb, CoZr, CoZ 
rTa, CoHf, CoTa, CoTaHf, CoNb 
Hf, CoZrNb, CoHfPd, CoTaZrN 
b, CoZrMoNi&4, 7^;U^7X68tt 50 
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*fWS:ffl^^o MRX>A>7.Jf SJB^&^j®^ 

[0 0 6 1 ] Sfc, i^itlTft NiFe, CoF 

e, NiFeCo, FeCo, CoFeB, CoZrM 
o, CoZrNb, CoZr, CoZrTa, CoH 

f, CoTa, CoTaHf, CoNbHf, CoZr 
Nb, CoHfPd, CoTaZrNb, CoZrMo 
Ni£-&, 7^7 7X8tt»fiSffiU5ci 
^T#-5o Sfctt, Ctte>£Ti, V, Cr, Co, C 
u, Zn, Y, Zr, Nb, Mo, Tc, Ru, Rh, 
Pd, Ag, Hf, Ta, W, Re, Os, Ir, P 
t, Au, Si, Al, Ti, Ta, Pt, Ni, C 
o. Re, V&^-Xt-rzifJl-yfrZtezmft. & 

tfett^i, Z.(Dm&. Co/Ru/Co, CoFe/ 
Ru/CoFe, CoFeNi/Ru/CoFeNi, 
Co/Cr/Co, CoFe/Cr/CoFe, CoF 
eNi/Cr/CoFeNi ttW*fe«*lT**. 
[0 0 6 2] B«S«ltLTIl FeMn, 

NiMn, I r M n , RhMn, PtPdMn, ReM 
n, PtMn, PtCrMn, CrMn, CrAl, T 
bCo, NiKfb^, ¥ emtm. NiifMtCoK 

itm<DU^m. n immtF emfcV9<DM&®* ni 

Kfb«l/CoK{b^2HIH f N i mitVo/F emtW2 
Jffii, CoCr, CoCrPt, CoCrTa, PtC 
o^$:fflV^Cli:^-e^^>o PtMnfcKHPtMn 
tC#LT, Ti, V, Cr, Co, Cu, Zn, Y, Z 
r, Nb, Mo, Tc, Ru, Rh, Pd, Ag, H 
f, Ta,W, Re, Os, Ir, Pt, Au, Si, 
Al, Ti, T a*jRJnbfc«»fa#*tt«»-C»*. 

[0063] ssk, &mmtLTte. mtm. 
m. &m/mfc%i2mm* &«/ {mtwtmtmzKD 

2IRSffl^5 f Ti, V, Cr, Co, C 
u, Zn, Y, Zr, Nb, Mo, Tc, Ru, Rh, 
Pd, Ag, Hf, Ta, W, Re, Os, Ir, P 
t, Au, Si, Al, Ti, Ta, Pt, Ni, C 

o. Re, v<DM<m&i:zf&<tm<Dm{*. &mm* a 

^ll^Ct^t^, £fcte, Ctlb^T i , 
V, Cr, Co, Cu, Zn, Y, Zr, Nb, Mo, 
Tc, Ru, Rh, Pd, Ag, Hf, Ta,W, R 
e, Os, ir, Pt, Au, Si, Al, Ti, T 
a, Pt, Ni, Co, Re, V(DKftft^d;^ftft 

[0 0 6 4] *AIZ. 08-1 0l:^LfcSt^7 K0>S 

iiioftswsst. sun m8\z&2>mmt8.m 
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-r. $-r. a«s±2 ofcT->-;uh'@2 i. T=ft^ 
m 2 2i3«tc;7'j-® 2 a «ia*#j«-r-5. t->-;uh 

121. T ; ¥t7yi2 2IJ*H/y7h-7Xi'isE 

T. *r<D±\zy* h • (£TF, PR<hl> 

3) £JB5J«b. 7'J-12 a£S U >yiC«t Q/ti> — > 
{fcU «EA*-f 7XB6:fc±D:&itilf 7£j£lgb*:&l;:'J 
7h*7tS (a, b, c) . *DT. 3 
II, PRJ&j£43«fctf = 'J >?lZ<}:K)rt?-><t-r2>. 
[0 0 6 5] @5£lf 1 a&<kZfim7£2it2>m 5 

e£NU PRJ&fiSiJitfS 'J ^f^o/^-xb-r 
-5. ^LT, -E-<C±{rPRSrJKJ5SL. J&HUf 7 &<fc tf«E 
A*-f7XJf6£ = 'J >^^«k0/13'->'fk-rs (c. 
d, e) . *(r»T, PR£J£i£b. «®IBI<D/£l8£i5«fctf 
■J7 h^7(C«tO. 118 a, 8b5f«t§ (f) . 

[0 0 6 6] ±*f^!2 5*5j;CXJi->-;l. 

H12 6OTU PRJgfigtS U >y*/t«U 7 h^" 
:7i@£ckOSiifc«M£i;:/^->'ffc-f -5 (g) . ft 
43. ±->- JPFJ12 6tt. $^>ir-e-<7)±g6Jc^$ns 

SttJe. 118 a. 8b±lC^Stlfc±^ 
r v-ll&Z 5<A-g&£ = 'J >i/(C<toTI^*-r^^<tJC 
<fcD. ®Hibfcmffi8 a. 8 b£Sffii§S?<i:-f -Set** 
ft&. m 1 3T«0*bTfj:V^^ CO±(CfB 
S^-y KgB7Wgf££n-5. fit. 7 7^>^l:J:0. 

v^^^y* • v-i v • Ji-#>Q<Dffivuz&^ttmz 

Mf$.-r2,Z.iih$>Z><, 

[0067] gnu 09 iz&zmfs.t&tumzkm&m 

S#2 0±KT->-;PKIf 2 1. Wt7yi2 2i5i 
tf7'J-t2 a ^l®^^)5K-r-5. T->-;UF«2 1, T 
* 2 2BPRIgM^ l J7ht7$fctt5'J 

T. -?-»±(CP R£JgfiJcb. 7'J-Jf 2 a £5 >J 
£.r>Trt5>->{t-?Z> (a, b) . 
[0 0 6 8] #&ttB3£fi)cBlb. PRfiS 

b 5 U >^"T*^fiail)» 3 — ( C ) . i^vi 

T, @5gJf 1 a :fc«fctf@5g£-y- -5J1 5 £Jg/iJcb. PR* 
PfSb. B£j| 1 ai5«fctfB5£3-y-£>lf 5£ = U >^tc 
J:oT/^->{b-r-5 (d) . #^1?. PRSMl, 
®^S:fS^Lfc<75^lC'J 7 L. m®8 a, 8b 

Sr^fiETS (e) . Ii8a, 8 b <DmfS.te.WAh 

%km?fr<bci>L'&m2ittz%&fti,z. bo-mmmzmto 
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ZZ\£\z£K). mffi<O®Jgin<b£0-5;i<hfc<fc£. 

[0 0 6 9] ^T'. ItA-f 7X116 £:Bfclgib, PRJg 
e£ii«ttX5 U >i/(c«kO. /i^-Wfc-r* (f) . ;fct,> 
-e. v-fmz 5i5«fct;±->-;i/K®2 

b> PRJgfiK<h5'J>i/*fe«'J7h^-7XgtC^03S 

t£&, ±->-;wkb2 6 

te, $ <o\Z-%:<D±1$iZj&&l£tl : &td.&t / \y KgB©T#— 

[0 0 7 0] S&fC. US 8 a, 8 b-ktCffi^^tlfc-t 
10 ^^ 7 yi2 5©-gB£= U >y(C«fccT^5fe-r-5C<i: 
KJ;9. ifflbfcil8 a, 8b&mmi%?£TZ>Z\t 
&*3. SI 4Ttt0Sl/T&l>)5*. Z\<D±\Z 

im~>v pmwtfiznz. fit. ^kr^tct 
o »^n. mn\&.tn%}&m z ?&A b s e testa vtemm 

[0 0 7 1)115(1 010 \Z&Z>m%t&tK%}¥k%k* 

flc 2 0_kt;:T->— JH*JB2 1, T^t77"B2 2, 7'J 
-12 a, #&14JI3. @?£Jf 1 a *3«fct;B5£ Jl 
5S)SWffit4.-T>'HH ! i2 1 < Tft7 7"l2 
2ttPRIiM^'J7ht7*fctt5 U >;?IfIK:J; 
oT&^teJfctttCA^-MfcT*. *-ro_tlc:PR£jgj£ 
U i$St5I5. @SI1 a:fc<fctf#fi&tt!i3£5 

[0 0 7 2] '^T, PRSrJUfijcb. = U >^-C@5£3 
•t3-^g5. I£il a*5j:0:#«tt® 3*/^^->{k-r 
30 -5. ^I,>T. MHiagg9a, 9bfiKP. PRJ^fig. S 
'J >y«C^i3@^S-l±^B 5/@^B 1 a/^14B3 

IkMAM. fei^'J? h^--7(cJ;0. 118 a, 8b$ 
&*5. iH8a, 8 b OJBmSJri^)^^^ 

[0 0 7 3]^^, ^H7X!6«il, PRJ^ 
±=ft7 7"I2 5*J«fctf±->- ;Wh'S2 6SrJ5K^b. P 
tfclC/^-Wk-f 5. ^C43. ±->-Jl/KB2 6«. $6 

[0 0 7 4] e«8 a, 8 b«D±»I?R.^$iT.fc: 

£fC«t 0. Stiib7t«S8 a, 8b£iiaf,!:t5C 

iztm^v pmwj8.t<nz>. -tbr, ^vtf>y(c«t 

so o«^n. «Sie5x?iS^T^ABSBiJc8HibfclSil 
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*m*>ftz>. mt j m^o&m*: smizABs 

[0 0 7 5] wz> *%w\z&z>m%.mmn<k'w k*s 

10 0 7 6] cmi i<»-gm<Dm®) 01 6ti. 
©mi i <r>nm<r)m&-ztbz>. sa^iBS??^-;/ 

«, sa-'w K 3 0 £&m<\y K 3 1 i^^Msnt 

^•5. io 
[0 0 7 7] B^7F3 0H M2 0±®T->-Jl' 
H121i. T=t : Yy7'12 2t 1 «BStJ£tri2&miSI 2 3 
«h. 118a, 8bi, ±^^7^12 5^ 0*b& 

^•^^2 5±©l->-^K12 6 t, 

27t. ±S8fS&fi8®2 8 <h, 3-f )U2 9 ££ff;LT^ 

[0 0 7 8] z\<D£5tzmm.mmu$L'sy kkj:o, as 20 
gvfB®&#±(;:«^£»£&^ Sfe. fiBStiBgiSfl^ 

m%imftiimm<\y k 3 1 ©sbs^-*- <>yt*, cw«fc 
0, m-h5>v>7\zMi.Tmmiz{$Lm&itb&ft oz\t& 

-C#-5„ COT'S h'SflnibTT.^ ^£f£D. ®SlfB 
SH^SSfC^a-T^tSl 7©J;3{C^^. 

[0079] [mi 2<D-mm<omm m 1 7«. 

2«||JS<D^aiT$>^. ffi^fBSB^^SSr^-r 
***a^>««2 0±JC. h*3 0*5 e fctftBg'\-;/ 

h 3 1 *m-t. z\n&mmzmm#4 o -kic&Hiftserr 

tt&T, 'sy H • fiSmiBS^fls:4 0 _k\Z 

0. 2 MmWT«ii5^Sfe^M«98TttSL. ffl^jl 

#4 0KtB&sn/tfi&ii«;«m*i£. ^©mi|i4i* 

e. ^® * d i W T # SftglC I85t s n -5 . 
[0 0 8 0] 

[HJS09] &iz, ^m^mmiz-^^xmrn-t^. m « 

8~@1 0C0«StSta«)*K*W-r-5H^^^ K 

Ta (3nm) /'P t46Mn54 (i 5iiiii) /'Co 
9oFeio (1. 5nm) /Ru (0. 8 nm) /Cogo 
Feio (2nm) /Cu (2. lnm) /CowFe 1 
0 (0. 5nm)/Ni82Fel8 (4 nm) /Ta 
(3nm) EtJ&fiSlgKte, 2 5 Ot. 5 &m 

©mi*. f8.mt%<Dm?i-ti3.m5frzjjii>\\z5 ko e 

WfiS^^SUnb-^offrDft:,, 50 
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[0 0 8 1] 'sy K$:«}^-r^SS^<J:bT«JWT©fc 

S# — JP$ 2mmffl7;i'f 7 

i7±(C7^5^-S: 1 0 Mm«@ 

[0 0 8 2] (B^vHW 
T->— ^KJl ■•■ C 089Z r4T a4C r 3 

(lnm) (fcfc'b. Sflf&tea t J^TIs)-®"? 
&£) 

T^-V^y® - 7^5t (2 0nm) 

T^r^->yJ¥^ttS - 7Mt (4 0nm) 
mmm - Ta (l. 5 nm) /A 

u (40nm) /Ta (3nm) 

SffiiPttttJf - Ta (1. 5nm)/A 

u (100 nm) /T a (3 nm) 
S6»J1 - T)P5± (2 0 nm) 

8(A--f7Xi - Cr (5nra)/Co 

74. 5C r io. sP t 15 ( 1 5 nm) 

-k^WZfm - 7JRt (4 0nra) 

-t**-;/:7*JPlWJf ••- 7Mt (4 0nm) 

m mm#-M 

[0 0 8 3] [IBS'N-yKSB] 
*ii^-)WTift - Ni82Feig(90n 
m) 

)V — Nl82Fei8(2. 5 U 

m) / C 0 65N i 12 F e23 (0. 5/tm) 
IBg^-fyT" - TJi'S.-T (0. 3ym) 

^^•7^Jl#lt - T;U5^" (0. 7 Mm) 
a-OUT* - Cr (30nm)/Cu 

(1 5 0 nm) 
3-f)l - Cu (4. Sum) 

±#-;i'T% - Ti (lOnra)/ C 

0 65N i 12F e23 (0. 1 um) 

±#— ;U ••• Co65Nii2Fe 

23(0. 5nm) / Ni82Fei8(3. 5 um) 
SSTTJfe - Cr (30nm) /Cu 

(1 5 0 nm) 

— C u ( 5 0 um) 

A— 3— I- - 7^5t (5 2«m) 

&ig^Tift - Ti (lOnm) / N 

1 82F e 18 ( 0 . 1 um) 

&Sffi^ — Au (3/im) 

[0 0 8 4] K©f^K^IH«^TcDaO<i:bfe. 

a. wai^y roMirw 

b-?-2Bffc (PRJgfig— A^->->^— b>?^ 
*) — Tv— F/^^->- >ir (p Rjgfig-.^-/t- 
ftOX-l/^XhW?*) -T^^-y^jS (PRM-^ 

-U 7 r-51-7) 



t 
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[0 0 8 5] «±<7>SB#te@ 1 9 (a£3fc0)J) :fc<i:tf 0 8 

[0 0 8 6] [11 9 ««^] TifeB, 7U 

-B. #m«=B. B!tB, B££-tf-*B. GSSSfiKBI^ 
TifcB. 7'J-B. #fi&ttB. B£B. BJ££-fr-&B. 
&WBI/i*-->? (PRM-S'J>^) -IyH7 
XB. fiMi-'J7h*7-JSE/H77i. SffiB 

(PR^jS-EJcBI^'J? 10 
[0 0 8 7 ] [0 8©«^] TiftB, 7'J-BfifclB-T 
ifeB. 7'J-fl/t^-->^ (PRM-SU>^P 

^ (PRJgj£-j£BI-*'J7 -*«ttHfig^-# 

(PRJ§5fiS- = 'J >^-PRi£) 
-*B5£B. B«d««JB. «f8Bfi£BS-B?£B. BJ65 
SS8B/^-^>7" (PRM-$'J>y-»P 
R&5&) —*8A*-r 7XS/^-Z>^ (PRJgf&-3'J 
>y-PRf^*) -mffi^fiK (PR»)S-lJ«-'J7h 

7) 

[0 0 8 8] [0 9«)®&] TiSB. 7U-i*«-T 
iftBl, 7 U-lA^-->y (PRM-5U>^- 
PRiS) #fiBfl-Bfi!cBI-Ti[&B 2 , 

ttB/^-->i/ (PR»*— 5U>^— PRW»*) — 
TffiI3. BSB. *3«ttX@^$-B-^)B^^-»TifiB. 
BitB. iJcfctfBltS-B'^BA**'— (PR^fiK— 
5'J>^PRi£) -mffiJ&JS (PR»*— J*R— u 
7ht7) ^BffiJSttttPfiK (PRi/S-)SI-U7h 
*7> -^1/H7XM OSBI-PR»riE-3'J>y— 30 
PRBfc*) 

[0 0 8 9] [01 o<d®&] -fmm, yj—m. itm 

B^B, B££-e-£B. ««B(£IBi^TifcB. 7 
U-B, #SBttB. B5£B. B££tt<6B. «3SBA* 
->x>y— (PRM-5 'J >^-PRii) -»7'J 
-B*s«t^«fflBA^ — ~>i/ (PRJfcfijt— 5 ij 
PRKS3t) (PR»tf-i««-ij7h*7) 
— ««JP#»t»J« (PR)g«-»M-U7ht7) — * 
M7XB« (BEi-PRM-5'J>y-PRii) 

Co o 9 o] KTtt. ir»-rno«jfio»^t)Htfrai;# <o 

JlTf^Kbfe,, #-;i^A-f KZ^-M (PRJg/&— 
JdEBt-'J^h*?) -»±**v7*»J« (PRfsU-tt 
-'J7ht7) -±**-y7mtfttm!8. (PRM-^ 
IP— 'j 7 h^"7) 
[0 0 9 1 ] 2. B»A» KWMB 

fc. #a#-;UIM£ (I2TMI-7 1/-APRM 

— #i§* o #— ft n— p r ^ 5 -h )vx. -j 5 1 
y:7j&R~?lr?7*Vft»*JMt (PRM-M-U 7 so 
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h*7) -pw (±#-;ut*a#-;u*«ftw»c*tt 

■T-5fc«6«)#-;W) (PRJgfi£-S 'J PR& 
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